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In the patient whose history I narrate above no hereditary taint can 
be invoked, as both parents of the patient are living and well at the 
ripe old age of threescore years and ten. The patient is not in good 
health, but is by no means cachectic. Her 180 pounds of weight and 
her ruddy color disprove such a supposition. I am at a complete loss 
to explain the utter refractoriness of the disease to treatment. 


PHYSIOLOGICAL DILATATION AND THE MITEAL SPHINCTEE 
AS FACTOES IN FUNCTIONAL AND OEGANIC 
DISTUEBANCES OF THE HEAET. 1 

By Morton Prince, M.D., 

OF BOSTON. 

In 1889 the reader 2 reported a series of observations of the hearts of 
men examined under nervous excitement. The conclusions arrived 
at were that under such conditions the mitral sphincter may be dilated 
by internal pressure, and the valve thereby may cease to be efficient, 
and regurgitation may occur into the auricle. It was further contended 
that as a pure physiological disarrangement the mitral valve may become 
functionally inefficient from causes that weaken the sphincter-like action 
of the circular fibres of the heart, and that this was the true explana¬ 
tion of many functional murmurs, so-called, as well as what is known 
as “ relative mitral incompetency.” 

I now return to the subject. The muscular fibres of the walls of the 
heart are arranged in three layers. The external and internal layers 
run longitudinally, while those of the middle layer run around the heart 
as circular fibres, and are the principal propulsive power of the heart. 
A special layer of these circular fibres surround the left auriculo-ventri- 
cular opening as a sort of sphincter (Henle, Landois). For the sake of 
descriptive convenience these may be called the mitral sphincter, although 
they are only a part of the great cone of circular fibres which squeezes 
the blood out of the ventricle. A knowledge of this anatomical ar¬ 
rangement is important. 

It should be understood that what is said here regarding the physi¬ 
ology of the mitral valve is true of the tricuspid, but for the sake of 
convenience I confine myself to the mitral. 

The mitral sphincter as a factor in the normal mechanism of closing 
the mitral valve is recognized by physiologists (among others, Tiger- 
stedt, Curtis, Chauveau and Faivre, and Hesse), but not by all cliui- 


1 Read by title before the Association of American Physicians, at Washington, D. C., at the 
fifteenth annual session. May, 1900. 

2 Medical Record, April, 1889. 
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cians. A fairly thorough search of the standard American and English 
text-books on general medicine and diseases of the heart discloses the 
fact that with a few noteworthy exceptions 1 2 medical writers do not seem 
to recognize this mechanism of the mitral valve or, if they do, the 
important role played by it, and the diversity of conditions in which 
it may be a factor. 

Whether the sphincter action is supplementary only to the closure of 
the valves, or whether it is necessary for complete sealing of the opening 
under ordinary conditions is not clear; but that under extraordinary 
conditions a failure of this sphincter-like mechanism results in mitral 
and tricuspid incompetence is susceptible of experimental proof. 

We have the following series of facts : 

1. Anatomico-physiological Fids. The mitral orifice differs anatomi¬ 
cally from the aortic orifice in not being like the latter, circumscribed 
by a rigid ring of fibrous tissue, and, therefore, of fixed calibre. The 
fibrous tissue of the mitral ring, as Sibson showed by dissection, is so 
thin opposite the central attachment that practically the orifice is only 
partially surrounded by it, and hence the orifice dilates and contracts 
with the dilatation and contraction of the ventricles, this being effected 
by the sphincter What holds the opening against the internal pressure 
is not a rigid ring, but the tonus and spasm of the circular band of fibres. 

The researches, among others, of Chauveau and Faivre, and later of 
Hesse, have demonstrated that during systole the circumference of the 
base of the ventricle and of the auriculo-ventricular openings is contracted 
to a high degree. In other words, the auriculo-ventricular openings con¬ 
tract during systole and dilate during diastole. Hesse" actually succeeded 
in obtaining casts of the ventricular cavities in diastole and systole, and 
in obtaining hardened hearts in the same stages, and from these he 
made sections. Hesse’s results are shown by these diagrams. The 
great difference in the dimensions of the auriculo-ventricular openings 
is noticeable, and it is also evident that with the expansion of the base 
during diastole these openings dilate, and with contraction of the base 
during systole they contract. As these findings are actual casts and 
sections of the ventricular cavities, it is difficult to see that they do not 
represent possible variations in the physiological size of the auriculo- 
ventricular openings. On the other hand, it is not safe to conclude 
that these findings represent the actual variation in normal diastole 
and systole during life, but only that they are the possible limits of 

1 Among these Sir Wm. Broadbent should be particularly mentioned. 

2 The method employed was the following: The ventricles of a dog’s heart immediately 
after being excised were subjected to the pressure of a column of blood equivalent to 150 
mm. Hg., and a plaster cast then taken. Then, the chambers being emptied, the heart was 
plunged into a saturated solution of bichromate of potash, whereby the muscles contracted 
without resistance. Thus two casts were obtained representing two conditions: the one 
representing the heart filled to nearly its full capacity, and the other extreme contraction. 
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physiological variations. It is true they portray extreme conditions 
probably beyond any ever observed in immediately successive periods 
of time in one and the same heart during life. But nevertheless they 
demonstrate, and this is the point, that the auriculo-ventricular opening 
has a varying calibre, that it is capable of being dilated to a large 
degree and of being contracted by the sphincter muscle to a compara¬ 
tively small dimension, and that in systole it does contract. 

It still remains an unsettled point whether, under normal conditions, 
the action of the mitral sphincter is only supplementary or whether it 
is necessary, but the following may be stated : 

1. The elastic fibrous ring is variable in size under moderate pressure. 

2. That without the sphincter action the internal pressure would 
force the valve, for there would be nothing to keep the orifice from 
dilating but this muscle, and, therefore, that the sphincter is essential 
for maintaining a sealed orifice, though perhaps not for the apposition 
of the valves under ordinary conditions. 

3. Under ordinary conditions the tonus of the sphincter is sufficient 
to keep the orifice within such limits that the valves can close it (King, 
Chauveau and Faivre, Colin, Baumgarten, and others), and, therefore, 
that merely filling the ventricles with fluid brings the valve curtains 
into apposition. 

4. When for any reason the tonus of the sphincter is diminished or 
its muscular strength impaired, it may physiologically dilate to so high 
a degree in diastole that closure cannot take place without the aid of 
its contraction, or the sphincter may not be able to hold against in¬ 
ternal pressure. 

5. That under similar conditions the degree of contraction of the 
muscular fibres may not be sufficient to enable the valves to seal the 
orifice hermetically. 

6. It is probable, therefore, that under certain conditions the action 
of the sphincter is supplementary, and under other conditions it is 
necessary. 

I. Experimental Conditions in which Physiological Dilata¬ 
tion and the Mitral Sphincter are Factors. 

Very valuable information on the physiological working of the heart 
has been given us by the brilliant experimental researches of Hoy Jjnd 
Adami, 1 which throw light on the part played by the auriculo-ventricular 
sphincter in health and disease. This work does not seem to have re¬ 
ceived the attention from clinicians that it has from physiologists or 
that which its practical importance demands. I shall, therefore, de- 

1 Remarks on Failure of the Heart from Overstrain, by Prof. Roy and J. G. Adami, British 
Medical Journal, December 15,1888, 
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scribe it here in some detail. These experimenters undertook to deter¬ 
mine the physiological and pathological effect upon the heart of varying 
increase of work done. The method adopted to increase the work done 
was to increase the “ pressure against which the heart has to force out 
its contents by narrowing the aorta at one or another part of that 
vessel.” 

The volume of the heart and the contraction of the muscular fibres 
were measured by special instruments and shown by graphic tracings. 

A few of the more striking facts obtained are thus given : 

“ We may say that as the outflow of blood from the heart is inter¬ 
fered with the maximum pressure within the ventricle increases, this 
increase in pressure having a limit. . . . 

“ Such narrowing of the aorta produces a very evident distention of 
both ventricles, which, nevertheless, go on contracting and expanding 
in what to the eye seems a perfectly normal manner. Examination 
of the large veins, however, shows that in them, with the great or ex¬ 
treme narrowing just referred to, there is a very visible wave proceed¬ 
ing from the heart with each ventricular systole ; in other words, this 
narrowing of the aorta produces regurgitation through both mitral and 
tricuspid valves. The effect, then, of greatly increasing the resistance 
which the ventricles have to overcome in the evacuation of their con¬ 
tents, is to raise the intraventricular pressure during systole to a height 
varying with the individual heart under observation, and to cause great 
expansion of the chambers of the heart with regurgitation eventually 
through the auriculo-ventricular valves. 

“ The heart itself, however, is appreciably affected by such change 
in the blood-pressure. Its size at the end of systole is greater than 
with normal arterial pressure—that is, there is not so complete an ex¬ 
pulsion of blood ; while, at the same time, its expansion during diastole 
is also greater. . . . The result is, that when the arterial pressure 

rises the volume of blood in the heart, both at the end of systole and at 
the end of diastole, is increased. Analogous results are produced when 
the arterial pressure is raised by other methods. In other words, the 
effect of variations in the arterial pressure on the heart is that increased 
resistance produces diminution of the systolic contraction of the ven¬ 
tricles, and the quantity of the blood entering the heart in any given 
time remaining the same, this diminished contraction is, oceteris paribus, 
necessarily accompanied by increased expansion in diastole. 

“We have seen that in the experiments first referred to the expan¬ 
sion of the heart so produced leads, if extreme, to functional incom¬ 
petence of the auriculo-ventricular valves, an effect which is all the 
more readily produced the more fatigued the heart is. 

“ There is also the fact that increase in the work done, other things 
being equal, produces diminished completeness of contraction in systole, 
and, therefore, an increase in the residual blood in the ventricle. This 
physiological dilatation of the heart with increased work becomes, when 
excessive, the cause of failure of the organ from overwork, or over¬ 
strain, as it is generally called ; in other words, in such cases the heart 
goes on contracting and sending out all the blood which reaches it (ex¬ 
cepting, of course, the residual blood) until the moment when, either 
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from increase in the arterial pressure, or from weakness of the heart- 
muscle resulting from fatigue or from disease of its walls, the muscles at 
the basis of the ventricles no longer in systole narrow the auriculo-ven- 
tricular orifices to a degree which permits of these orifices being dosed by 
their valves, these not being capable of expanding to the same extent as the 
muscular substance of the heart.” 

It will be observed that Roy and Adami interpret the regurgitation 
as due alone to the physiological dilatation of the sphincter. But from 
their experiments it is not clear that the closure of the valves may not 
at the same time be further hindered by the dilatation of the ven¬ 
tricular wall, which, carrying the papillary muscles with it, pulls apart 
the valves. Probably both factors co-operate. Prof. William T. Porter 
informs me that he has observed in dogs this physiological dilatation of 
the heart when working against increased arterial pressure brought 
about by contracting the aorta. 

Roy and Adami made a further very extended series of observations 
upon the effect upon the heart of both direct and reflex excitation of 
the vagus and augmentor nerves. The excitation of the vagus, they 
find, among other things, to produce substantially the same effect as 
when the arterial resistance is increased, namely, a physiological dila¬ 
tation. 

The consequence of this dilatation is that the amount of blood ex¬ 
pelled at each beat may be doubled, trebled, or even quadrupled. The 
increase of the residual blood may be so great that, as can be seen from 
the cardiometric tracings, the volume of the heart at the end of systole 
may be greater than was the volume of the organ at the end of diastole 
before the vagus nerves had been excited. Nevertheless—and this 
seems to me to be a point of some significance in its bearing upon 
the capacity of the sphincter muscle to close the mitral valve com¬ 
pletely in conditions of dilatation—the ventricular contractions are less 
completely made; there is less complete systolic shortening of the ven¬ 
tricular fibres, due to the more distended condition of the ventricles 
and the increased contraction-volume. This being the case, the systolic 
constriction of the auriculo-ventricular orifices must also be less com¬ 
plete. The effect is the same, whether the vagus be directly stimu¬ 
lated or indirectly by reflex action, excepting that in the latter case 
an important element may be added, namely, a rise in the arterial 
pressure which still more tends to dilate the heart. Stimulation of the 
vagus may further cause physiological irregularity of the heart, as a 
necessary consequence of the arrangement by which the vagus governs 
the heart. 

An opposite effect is observed when Ihe nervi augmentores are excited 
directly and alone, for then, beside an acceleration of the heart-beat, 
the force of the ventricular contractions is increased so that the ventri- 
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cles contract more completely and diminish the amount of residual blood, 
in spite of the fact that the arterial pressure is raised at the same time. 

But when the augmentors, alone or together with the vagi, are in¬ 
directly excited by stimulation of a sensory nerve, the effect upon the 
expansion of the heart often resembles that seen in excitation of the 
vagus, for the rise in arterial pressure is not always completely coun¬ 
terbalanced by the increase in the force of the heart’s contraction, and 
the heart becomes expanded in diastole and systole. In other words, 
the result is physiological dilatation. It is obvious that this reflex ex¬ 
citation more nearly approximates the physiological excitation which 
occurs in the organ, however great the divergence may be, and though 
these experimental effects may not exactly express what does normally 
occur, they demonstrate the possibilities. 

As Roy and Adaini point out: 

“ The importance of this want of accordance between the increase in 
the force of the left ventricle and the increase in the work which it is 
called upon to do, can hardly, we think, be overestimated, and in a 
future section we will make such comments upon it as appear to us of 
practical interest to the physiologist and the physician ; in the meantime 
we need only say that the physiological dilatation of the left ventricle, 
which often enough shows itself in spite of augmentor action is, in the 
hearts of healthy, well-fed animals, moderate in amount, and does not 
lead to any diminution of the output of the organ. In the case, how¬ 
ever, of animals with weak hearts, this physiological dilatation may 
assume excessive proportions, and may lead to-failure of the auriculo- 
ventricular valves and diminution of the output of the heart; in other 
words, to heart failure from inability to meet an increase of work which 
a healthy, well-fed heart can bear without difficulty.” 

One of the most valuable results of the work of Roy and Adami has 
been to show that the heart within purely physiological limits is not an 
organ of definite size, but contracts and expands in accordance with an 
automatic mechanism by which it adapts itself to the work to be done, 
and when expanded the circular fibres shorten less than when the heart 
is of smaller dimensions. It is a pump, but a pump that changes its size 
from time to time according to the work it has to do. 

There is, then, such a thing as physiological dilatation and physio¬ 
logical incompetence. They represent the adaptation of the organ to 
the work to be done. Pathological dilatation differs from the physio¬ 
logical variety only in degree, and is a result of the same law, viz., a 
disproportion between the work to be done and the power to do it. One 
may shade into the other when the forces that produce physiological 
dilatation become excessive. It is then quite possible that from purely 
physiological variations of the working of the heart -we may have dis¬ 
turbances of its functions which are essentially the same in character 
as those met with in pathological conditions, namely, valvular incom¬ 
petence, irregularity, and other variations of rhythm. 
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II. Clinical Conditions of Health in which Physiological 
Dilatation and the Mitral Sphincter are Factors. 

While Roy and Adami were pursuing their experimental studies the 
reader was engaged in a series of observations on the clinical side, but 
which in some respects took on the character of an experimental study, 
namely, the action of the heart under intense nervous stimulation, as 
shown by the occurrence of murmurs. 1 For some years previously I 
had noticed, in examining the applicants for the Boston Fire Depart¬ 
ment, a very unusual and to me, then, unaccountable frequency of heart 
murmurs. The conditions of the examination were such that a large 
proportion of the men were under strong emotional excitement. This 
was shown by the frequent occurrence of violent heart action, general 
nervousness, and tremor of limbs and voice. A systematic study was 
finally undertaken ; the heart was intentionally artificially stimulated 
as much as possible by the method of examination. The applicant was 
ushered into the room without warning of what was to occur ; he was 
urged to be quick in his movements and prepare himself as rapidly as 
possible, and the heart was examined as the first event. The ordeal 
was made as exciting as possible, and, as a matter of fact, the heart 
in a large proportion of cases was found to be working under intense 
stimulation and doing—if the force of the heart’s beat on the chest-wall 
and the loudness of the sounds be criteria—an increased amount of 
work. It is important to bear this in mind in studying the results. 

The total number of cases in the first series examined was eighty-six. 
Of these nine were thrown out on the ground of disability from organic 
disease, there being evidence of an enlargement in six, and in one of 
irregularity. The rejection of seven of these I now think was a mis¬ 
take. However, in the seventy-seven remaining, mitral systolic murmurs 
were heard in twenty-five. So-called exocardiac or cardio-pulmonary 
murmurs were taken into account, examined for and excluded. Still, 
I feel sure that in some instances these were confused with endocardiac 
murmurs, and the total frequency of murmurs thereby increased. In a 
second series of eighty-five cases exocardiac murmurs alone were heard 
ten times, while in fourteen cases true endocardiac murmurs were heard. 

To determine the relation of these murmurs to nervous excitation, in 
the first fifty-six subjects the heart was examined under the same con¬ 
ditions as in the first series ; in the last twenty-nine the heart was ex¬ 
amined last, after reasonable time had been given to the applicant to 
become accustomed to the ordeal. The result was that in the first 
fifty-six subjects the mitral systolic murmur was heard eleven times, 
and an exocardiac (cardio-pulmonary) murmur nine (or more) times. 

1 The Occurrence and Mechanism of Physiological Heart Murmurs (endocardial) in Healthy 
Individuals. Medical Record, April 20,1889. 
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In the last twenty-nine subjects a true mitral murmur was heard only 
three times and an exocardiac murmur once. 

In a third series (not hitherto published) out of a total of 103 indi¬ 
viduals, and omitting two cases in which there might have been organic 
disease, systolic murmurs at the apex were heard in 21. 

As corroborative evidence of the occurrence of these murmurs under 
these conditions , I asked Dr. J. H. McCollom to note the number he 
found independently in his examination of applicants for the Police 
Department. He stated that in a first series he found 27 mitral mur¬ 
murs in 200 men, and in a second series of 111 men, 18 such murmurs. 

In a fourth series of my own the conditions of the examination were 
altered so as to eliminate all emotional excitement. The result was 
that only a so-called pulmonic systolic murmur was heard three times, 
once being accompanied by a “ mitral systolic of a temporary char¬ 
acter,” but heard after forced expiration. Hundreds of cases have 
been examined in the same way since this time. Only occasionally in 
a nervous individual will a functional murmur be heard, perhaps in 1 
or 2 per cent, of the cases. 

I have given the statistical results of these observations, but I do not 
wish to lay any great emphasis upon the figures from the point of view 
of interpretation of the sounds heard. Only one who is in the habit of 
making examinations of this kind can realize the difficulty of always 
correctly distinguishing between an exocardiac or cardio-pulmonary 
murmur and a true mitral murmur. They sometimes simulate each 
other in an extraordinary way. In some cases the short time given to 
interpret the character of a murmur, owing to its rapid evanescence 
with the allayment of nervous excitement, makes it extremely difficult 
to classify it correctly. This and the fact that many exocardiac mur¬ 
murs in their physical peculiarities closely resemble true mitral mur¬ 
murs, in spite of all rules regarding their differences, make it certain in 
my mind that some of these murmurs, though tabulated as endocardiac, 
were really exocardiac. For instance, it was only lately that I had the 
opportunity to listen to an extremely loud systolic murmur at the apex. 
It was heard still louder in the axilla, and was plainly heard in the 
back. For this reason for the moment I thought it was mitral, but I 
was soon able to make out that the pitch and quality were pulmonary, 
and it was heard to the left rather than over the apex. There was 
another murmur of different quality to be heard at the apex, but this 
was probably transmitted from the base, where there was a so-called 
“pulmonic” systolic murmur. Both subsided after a few minutes. 
The first murmur I believe to have been cardio-pulmonary. 

I do not, therefore, lay any stress upon the statistical frequency 
of this mitral murmur. The figures I have given are, I have no 
doubt, too high. The important fact is that, without reference to fre- 
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qaency, a greater or less number of murmurs indicative of mitral 
regurgitation do occur under the conditions of observations, viz., extra¬ 
ordinary nervous excitation of the heart. As I have already described 1 
at some length the character of these regurgitant murmurs, and given 
the reason for this interpretation, a brief statement on this point must 
suffice. 

1. Their physical characteristics, including location, point of maxi¬ 
mum intensity and transmission fulfil all the requirements of a mitral 
murmur. 

2. The only murmur for which they could be mistaken is the cardio¬ 
pulmonary, and in doubtful cases, not uncommonly two distinct systolic 
apex murmurs could be heard, one distinctly cardio-pulmonary ; the 
other evidently must have been regurgitant. 

3. They were persistent after forced expiration. 

4. In a large number of cases, a systolic murmur of similar character 
was plainly audible in the second left intercostal space, either close to or 
about one and a half inches from the sternum, the so-called pulmonic 
murmur, which is regarded by many observers (Balfour, Naunyn, and 
others) as due to mitral regurgitation. 

5. They are sometimes heard at the junction of the fourth rib and 
sternum on the left ( i. e., over the mitral valve). 

6. The pulmonic second sound, as might be expected, is rarely rela¬ 
tively or absolutely accentuated, owing undoubtedly to a synchronous 
rise of arterial tension and because of the small amount of mitral 
leakage. 

In my first communication the explanation which was given of these 
mitral murmurs was that under strong nervous excitement the powerful 
contraction of the circular fibres of the heart so increased the pressure 
within the cavity of the ventricle 2 that the mitral sphincter is forced, so to 
speak, that is, it is either dilated or prevented from contracting sufficiently 
for a complete closure of the auriculo-ventricular orifice. Thus a func¬ 
tional regurgitation occurs. 

This mechanism I still believe to be an important factor in the case, 
but in the light of Roy and Adami’s experiments the question of a pos¬ 
sible accompanying and co-operative physiological dilatation of the heart 
assumed importance. It, therefore, became imperative that these obser¬ 
vations should be repeated for the purpose of making accurate meas¬ 
urements of the size of the heart. 

At the time of my first series of observations (1888) it never occurred 
to me, nor was it generally known, I think, that the healthy heart might 
dilate under conditions of increased effort (aside, of course, from quasi- 
pathological fatigue following excessive muscular exertion), so that 

1 Medical Record, April, 1888. 2 The same thing may be true of the right ventricle. 
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when evidence of enlargement occurred the case was thrown out as pos¬ 
sibly organic. Six cases, as before mentioned, were rejected for this 
reason. This, in view of later evidence, 1 believe to have been an error, 
and I am convinced that these cases were merely examples of functional 
dilatation. For in the first place, nine cases out of eighty-six men are 
far too high a proportion for heart disease to exist in presumably 
healthy men in the prime of life; and, second, I do not find anything 
like that proportion of existing organic disease under the present con¬ 
ditions of examination. 

The third series of observations was, therefore, made for this purpose. 
Slight enlargement is not easy to demonstrate. Percussion is a very 
inexact method when precision is required, as has been shown by F. H. 

Fig. 1. Fig. 2. 




Fig. 1.—No. 42 (August, 1889). The apex-beat (A) was violent and occupied a larger area 
than usual. In this and Fig. 2 the line of dulness along left border only of heart is shown. 

Fig. 2.—No. 85 (same date). Loud and low-pitched mitral systolic murmur. 

Williams’ observations with the radiograph. 1 Percussion dulness can¬ 
not always be relied upon to correspond exactly with the outline of the 
heart. The position of the apex (as well as the apex-beat) of the heart 
is sometimes more exact, but it also has its fallacy aside from tilting. 

Nevertheless, in this series I was able to satisfy myself of the pres¬ 
ence of fugitive enlargement to the left in quite a number of cases. In 
them the line of dulness along the left border of the heart extended 
through the nipple, and the apex-beat could be seen or felt in this same 
line, and even well outside of it. Sometimes at the end of the exami- 


1 Philadelphia Medical Journal, January 6,1900. 
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nation it could be seen that the apex had receded to its normal territory 
and the line of dulness had also receded—that is, as the excitement 
subsided the heart retracted. Thus, in about 10 per cent, of all cases 
an enlargement to the left was present, sometimes without murmurs. 
(See Figs. 1, 2, and 3.) Fig. 3 is particularly interesting. It is a late 
observation, and was made by first outlining the heart on the chest-wall 
by percussion, and then transferring by tracing-paper. The continuous 
line is that of cardiac dulness at the time of nervous excitement; the 
broken line the same after the heart had become quiet. The difference 
in the size of the heart is quite remarkable. The enlargement is to the 

Fig. S. 



From tracings. Heavy line = cardiac area (dulness) during excitement; enlargement to 
right as well as to left and upward; broken line = same after subsidence of excitement same 
day and also six days later. X = apex-beat. During period of excitement, May 19, 1900, 
heart’s action irregular, “pulmonic systolic” murmur (in left auricular area), loud cardio-pul- 
monary murmur to left of apex; after cessation of excitement disappearance of murmurs, and 
heart normal in every way. May 25th, heart still normal. 


right as well as to the left and above. The extension of dulness upward 
is interesting in connection with the experiments and observations of 
Foxwell, who has shown that this feature is characteristic of the condi¬ 
tion of the heart in which the so-called pulmonic systolic murmur is 
heard. He offers experimental evidence to show that it is due to the 
dilatation of the conus arteriosus, and the murmur to a distortion of 
the pulmonary artery, the dilatation itself being the consequence of 
debility. In the case from which this diagram was made at the time of 
the enlargement and excitement, the heart’s action was irregular, and a 
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systolic murmur was present in the second space, heard loudest over 
the left auricle—that is, about one and one-half inches from the sternum. 
It was this case in which the very loud (presumably) cardio-pulmonary 
murmur (p. 195) was heard. 

During the course of the examination the heart became quiet and 
retracted in size, and then the murmurs disappeared. Six days later, 
when examined again, the heart was still in every way normal. 

I have thus been able to convince myself that in a certain proportion 
of cases the presence of dilatation is of a temporary nature. The fol¬ 
lowing may be cited as examples : 

No. 7 (already mentioned). At first, while the murmur was present, 
the apex-beat could be detected outside of the mammillary line. Later, 
at the end of the examination, the apex receded inside the mammillary 
line, but close to it. 

No. 12. Mitral systolic ; a strong apex-beat outside the mammillary 
line ; heart action rapid and violent. A loud systolic murmur could 
be heard over the aortic orifice ; also over the pulmonic. It may have 
been this murmur that was continued to the apex. Subject very ner¬ 
vous, voice tremulous. Later, murmurs disappeared, heart became quiet, 
and the apex-beat scarcely visible, and retracted close to but within 
the mammillary line. 

No. 14. Heart-sounds normal; apex-beat in the mammillary line; 
heart’s action violent. Later, the. apex-beat receded inside the mam¬ 
millary line. 

No. 31. A rough mitral systolic murmur at the apex ; apex-beat in 
the sixth space at the inner edge of the mammillary line. 

No. 37. Mitral systolic murmur ; percussion dulness extended on the 
left through the mammillary line. When examined some days later all 
these murmurs had disappeared and the line of dulness had retreated 
to within normal limits. 

No. 42. At the beginning of examination, mitral systolic murmur, 
which later disappeared. Heart’s action rapid and supernormal in 
strength ; apex-beat could both be seen and felt close up to the mam¬ 
millary line, extending over a wider area than normal. The line of the 
percussion dulness extended also through the mammillary line. 

No. 58. First sound at the apex normal, but a systolic murmur could 
be heard over the aortic opening and continued in the carotid. The 
apex-beat could be felt with the finger in the mammillary line, and per¬ 
cussion gave the left border of the heart as extending through this line. 
When examined a few days later all these murmurs had disappeared and 
the line of dulness had retreated to within normal limits. 

In some instances, as would be expected, there were evidences of en¬ 
largement of the heart without any signs of incompetency of the valves ; 
for example, Nos. 14, 34, and 36. In a great many instances when I 
have examined these subjects someMays later under circumstances that 
allayed all apprehension, the murmur previously heard had entirely 
disappeared, as well as all signs of cardiac dilatation. To these cases 
I would also add the six instances in the first series of observations, 
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which were eliminated because of the enlargement of which I had found 
evidences, and because of which I had concluded that they were prob¬ 
ably of organic origin. 

In the light of these findings, then, I think we may conclude that 
under intense nervous stimulation of the heart, presumably tending to 
increase the work done, there may occur a physiological dilatation of 
the heart similar to that which occurs when the pressure is raised by 
the methods employed in the physiological experimentation already re¬ 
ferred to, and that the mitral sphincter also shares in this physiological 
dilatation. This means that its contraction—that is, the shortening of 
the circular fibres—is less complete, and the orifice is larger at the end 
of systole than normal. In consequence of this and of the increase of 
internal pressure, the contraction of the sphincter may be impeded, or 
the opening may even be expanded by the hydrostatic pressure, and 
the valve may become incompetent and regurgitation may take place. 

I have omitted various details of these observations for the sake of 
brevity. It ought to be noted, however, in evidence of the intense 
stimulation of the heart that was usually present, that murmurs were 
frequently heard over other regions of the heart than at the apex. (Sir 
W. Broadbent has lately pointed out the frequency of murmurs over 
the various orifices of the heart in subjects undergoing civil-service 
examinations, and to this extent has corroborated the accuracy of these 
observations. He warns against the danger of mistaking them for 
evidences of organic disease.) The heart’s action was usually increased 
in rapidity, sometimes to a very high degree, and its action was often 
violent and tumultuous. The apex-beat was sometimes diffused over 
an area of about double the extent of that which is normal. It was 
quite common to have all these signs disappear during the course of 
the examination, even while one was listening, and to see the increased 
cardiac area retract within normal dimensions. 

In line with these observations of my own are those of Dr. John C. 
Munro, 1 who made an investigation into the condition of the heart in 
fifty-seven patients before and after surgical operations. The condi¬ 
tions before operation were considered to be those of apprehension and 
nervousness. Of the fifty-seven cases there was a group of fourteen in 
whom there were evidences of cardiac disturbance before operation, all 
signs of which disappeared as soon as the operation was over. In 
thirteen of these cases there was a systolic murmur at the apex ; in the 
other one a presystolic murmur. Beside these there were six other cases 
which exhibited functional disturbances which persisted after the opera¬ 
tion, while eight, it was thought, had well-marked organic disease, a 
very high and suspicious percentage. These findings of Dr. Munro 
seem to be corroborative of the observations which I have just recorded. 

1 Boston City Hospital Reports, Series VIII., 1897. 
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In 1890 Theodor Schott demonstrated by examining the hearts of 
strong, healthy men, before and after wrestling, that strenuous exer¬ 
cise, when intense, though of short duration, brings about a temporary 
dilatation of both sides of the heart. After a few minutes’ severe 
wrestling, continued to a point to produce dyspnoea, an enlargement, 
shown by percussion, was produced both to the right and to the left 
from one to two centimetres and more. This dilatation duly subsided 
after a short rest; it does not appear, however, from Schott’s observa¬ 
tions, that the mitral sphincter was physiologically incapacitated by 
this dilatation, for he failed to find any regurgitant murmur, nor is 
any mention made of pulmonic murmurs, a rather striking contrast 
with the findings of others after long-continued and violent exercise 
sufficient to produce exhaustion. Schott interpreted this dilatation as 
the expression of an overstrain of the heart, and so stigmatized it with 
a pathological soubriquet. Overstrain is a clinical term, and is not 
descriptive of the physiological or pathological process. It may mean 
much or nothing. From the fact that there was no evidence of re¬ 
gurgitation it must be presumed that the contraction of the auriculo- 
ventricular sphincters were still sufficiently extensive to close the orifices. 
From this and also from the fact that the wrestling was continued only 
three or four minutes, we are compelled to conclude that neither the 
internal pressure was sufficient to force the sphincters, nor was there 
true fatigue or excessive dilatation. A more correct interpretation 
would seem to be that the dilatation observed was simply physiological 
and identical with that observed in animals when the heart is called 
upon to do any great increase of work. 

There is an economy in this physiological dilatation. According to 
mathematical laws, when the heart is dilated—that is, when the circum¬ 
ference is increased—a smaller amount of contraction will suffice to 
throw out a larger volume of blood. For instance, if the heart were a 
sphere of ten inches in circumference a contraction of the circumfer¬ 
ence of one inch would throw out 4.5 cubic inches of blood, while if it 
were only five inches in circumference the contraction would throw out 
only a little over one cubic inch, 1 and this is what occurs in physio¬ 
logical dilatation. A greater amount of blood is thrown out at each 
systole with diminished contraction. With a dilatation of moderate 
amount the degree of contraction is sufficient to close the auriculo- 
ventricular orifices. But if the dilatation is excessive, either from 
great increase in the work to be done or weakening of the cardiac 
muscles, the contraction may not be sufficient in extent to close the 
orifice. As a rule, even with considerable dilatation, so long as the 
muscle is not fatigued, the contractions of the sphincter are sufficient, 


i Roy and Adami. 
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but when fatigue sets iu the contractions become shorter, the dilatation 
greater, and incompetency results. 

It is interesting in this connection to notice that Schott found that by 
constricting the abdomen with a belt, and thus increasing the amount 
of blood flowing into the right ventricle, and thereby the amount of 
work to be done by the heart, the dilatation was thus further increased. 
This is in entire corroboration of the experimental observations on ani¬ 
mals (Roy and Adami, Fry and Krehl), which have shown that com¬ 
pression of the abdominal veins causes dilatation of the heart by in¬ 
creasing the total output—that is, the work done. (Therein is a 
practical suggestion as to the possible ill effect of tight lacing.) 

Later, in 1897, in another and similar series of experiments, Schott 
confirms these earlier observations by means of the skiagraph. The 
X-ray showed that the enlargement of the heart from side to side after 
strenuous exercise, wrestling, might be as much as 3 or 3£ cm. He 
also demonstrated the same thing after severe walking or bicycling. 
Undoubtedly fatigue of the cardiac muscle enters as an element in this 
cardiac dilatation when the enlargements follow persistent and long 
exercise, and itself is persistent. Very interesting in this connection is 
the series of clinical cases which Schott gives of persistent dilatation of 
the heart following extended muscular exertion. This enlargement 
took on a pathological character, and more correctly may be regarded 
as the expression of overstrain of the heart or muscular fatigue. This 
dilatation followed various forms of muscular exertion, including bicy¬ 
cling, manual labor, and dancing combined with tight lacing. The 
symptoms,were disabling and those usually observed in cardiac incapacity. 

III. Quasi-pathological Conditions, in which Physiological 
Dilatation and the Mitral Sphincter are Factors. 

In Schott’s experiments there was no mitral incompetency, or at least 
this was not revealed by auscultation. It was otherwise with the 
observations of Williams and Arnold of the hearts of the contestants 
in a Marathon running race of twenty-five miles. These are among the 
most valuable facts thus far recorded to determine the effect of fatigue 
upon the human heart. Of the ten men examined both before and 
after the race, seven showed after running a relative increase of the 
cardiac dulness extending to the left. It is interesting to note that the 
line of dulness corresponding to the left border of the heart, as shown 
by the published diagrams, extended through the nipple and agreed very 
closely with the same line which I found in my own observations where 
there was increase of the cardiac area and with some of Schott’s cases. 
In eleven out of thirteen men, murmurs were noted. In all cases these 
were systolic, and the authors, after an extended discussion, interpret 
them as of mitraForigin. In explanation of this the authors adopt 
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the view that fatigue induced a dilatation of the walls of the heart, 
including the mitral sphincter. In consequence of this physiological 
dilatation the auriculo-ventricular valves closed imperfectly, and 
regurgitation was allowed to take place. 

Curiously enough, almost on the same day that Williams and Arnold 
presented the results of their observations to the Climatological Asso¬ 
ciation, Stengel reported to this Association a similar series of observa¬ 
tions of the hearts of athletes before and after running. He also found 
enlargement, and in some cases this enlargement was accompanied by 
mitral regurgitation. Stengel remarks that he has noticed the ease 
with which a systolic murmur developed over the hearts of men in the 
early part of their training for the football field when they are pre¬ 
sumably out of condition. In a special trial of nine of the candidates 
he found that three promptly developed a very distinct murmur of; 
this kind after a little exertion. 1 ’ 

[Since this paper was presented the writer had an opportunity to 
take part in the examination of the Marathon runners this year. For 
certain reasons the examination of the hearts was not entirely satis¬ 
factory. Murmurs were not heard, owing, probably, to tardiness in the 
examination, but enlargement was plainly demonstrable in most cases.] 
The interest of these phenomena lies in the fact that they represent a 
general law. The dilatation and incompetency must be held to be the 
physiological result of increased work doDe, with diminished power to 
do it. Under the primary increased stimulation the heart expands and 
throws out a greater volume of blood ; then the organ becoming fatigued 
the power is diminished and thereby the work is relatively still further 
increased, dilatation increases, and incompetency finally follows. 

These observations of Stengel, with those of Williams, and Arnold, 
and my own, seem to me to be a complete physiological confirmation on 
the human subject of the experimental work by Roy and Adami on 
the dog’s heart. 

IV. Pathological Systemic Conditions in which Physiological 
Dilatation and the Mitral Sphincter are Factors 
in Determining Cardiac Disturbances. 

As is well known, there are quite a number of conditions in which 
temporary mitral systolic murmurs are heard, often with enlargement. 
The most common conditions which these murmurs accompany are 
anaemia, Bright’s disease, gout, arterial sclerosis, chorea, the infectious 
fevers, like diphtheria and typhoid, and even rheumatism. In some of 
these conditions there is presumably a weakened heart muscle —e g., 
infectious diseases and ansemia and other adynamic states. In others 

1 Transactions of the Association of American Physicians, 1899. vol. xiv. , 

VOL. 121, NO. 2.—FEBRUARY, 1901. 14 
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there is an increase of the arterial tension (Bright’s disease, gout) ; in 
all cases enlargement is not infrequently present. Now, what I wish 
to point out is this : That the physiological principles underlying these 
cardiac disturbances is the same as in the experimental and other con¬ 
ditions which I have already discussed, and that the disturbances of func¬ 
tion more nearly approximate physiological than pathological variations. 

In my original paper I put forward the theory, as did also at the 
same time Roy and Adami, that the mitral systolic murmurs in these 
conditions represented physiological regurgitation due to incomplete 
contraction of the mitral sphincter; but to Donald MacAlister is due 
the credit of priority for this explanation, the first suggestion coming 
to him from Hesse’s casts. As Roy and Adami put it: “ When from 
any cause the muscular power of the heart is diminished, whether from 
imperfect blood-supply, fatty degeneration, or impaired quality of the 
blood, or from any of the known causes by which the power of contrac¬ 
tion of the heart is impaired, we have a condition in which the relation 
between the work required of the organ and its power of doing that 
work is affected in an analogous way to that which occurs when the 
work of the heart is increased and its power remains constant.” 1 In 
Bright’s disease and gout we have an increase of the work to be done 
while the power remains unchanged ; in the febrile diseases the work 
remains the same, but the power is diminished. 

As all experienced practitioners are familiar with the murmurs occur¬ 
ring in adynamic states, it is not necessary to describe them at any 
length. In the course of Bright’s disease it is not uncommon to ob¬ 
serve evidences of temporary regurgitation from the left ventricle. I 
may cite here, for illustration only of what I mean, the case of a patient 
who was in the advanced stages of chronic Bright’s disease, and also 
suffered from attacks of gout of a severe nature. The heart was very 
much enlarged, but no evidence of mitral incompetence, as a rule, 
could be detected. There were evidences of very high arterial tension. 
Every now and then he suffered from attacks in which a very loud 
mitral systolic murmur was heard at the apex. At such times marked 
oedema and congestion of the lungs were noticeable. Later these signs 
of mitral failure would disappear. Such attacks are usually called 
acute pathological dilatation or heart failure. The proper interpreta¬ 
tion of cases of this kind unquestionably is that under the extremely 
high tension present there occurs a physiological, not pathological, dila¬ 
tation of the mitral sphincter with diminished contractions, preventing 
complete closure of the valve. The work to be done becomes augmented, 
the heart physiologically dilates, but, not being strong enough to meet 

1 “ Failure of the Heart from Overstrain.” In other words, the meehanico-physiological 
effect is the same, whether the power remains constant and the work is increased, or the work 
remains constant and the power is diminished. 
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the strain, dilates too much and allows incompetence. With the dis¬ 
appearance of the high tension the muscle contracts again and the 
incompetence disappears. 

Diphtheria offers a particularly favorable opportunity to study car¬ 
diac insufficiency due to weakness of the muscle, for it is known that 
the toxin affects both the pneumogastric nerve (and presumably the 
augmentor nerves) and the muscle substance. It is, then, a good type 
of that class of affections in which the auriculo-ventricular sphincters 
are weakened, and as such I speak of it. First-rate data for 
such a study are furnished by the reports and observations of many 
hundred cases in the Boston City Hospital made by McCollom 1 and 
Hibbard. 2 From a study of two series of cases (one, 800, and the other 
252 in number) Hibbard found that a “ systolic murmur at the apex, 
with an accentuated pulmonic second sound, and often with some en¬ 
largement of the cardiac dulness, is seen in about 10 per cent, of the 
diphtheria cases during the course of the disease.” This murmur is 
temporary, for in twenty-four cases kept continuously under observa¬ 
tion, it disappeared within three weeks in twenty-one cases and within 
eight weeks in the remaining three. The enlargement was found to 
extend in some cases in children as much as two centimetres outside the 
normal limit. Out of 121 fatal cases McCollom noted a mitral systolic 
murmur in eighteen cases, or nearly 15 per cent., and of these eighteen 
an enlargement was detected in six. In only one was there an enlarge¬ 
ment without a murmur. An analysis of the cases which were fatal, 
chiefly from heart complications, and in which an autopsy was held 
(twelve in number), is instructive. Of these twelve a mitral systolic 
murmur was heard in seven. The auriculo-ventricular valves were 
found dilated after death in three, one or both ventricles dilated in five, 
and the heart enlarged by weight in eleven. 3 It must not be forgotten 
that the absence of dilatation either of the openings or the cavities 
after death is not evidence that it did not exist during life, as it is well 
known that after death the cardiac muscle contracts strongly (King, 
Sibson, and others). 

A sufficient cause for the muscular weakness is found in the known 
action of the diphtheritic poison on the nerves of the myocardium. 
Thus, of five cases of mitral insufficiency the pneumogastric nerve was 
found diseased in all. 4 It is an instructive fact, and one demonstrating 
that marked dilatation is not essential for physiological regurgitation, 
that out of the eighteen mitral systolic murmurs McCollom reports 

1 A Clinical Study of Eight Hundred Cases of Diphtheria at the South Department of the 
Boston City Hospital. Boston City Hospital Reports, 1898, Ninth Series. 

2 Heart Complications in Diphtheria. Ibid. 

8 The cause of increased weight was not determined. 

4 In every case (9) where the nerve was examined it was diseased. In some the myocardium 
also was degenerated. 
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that no enlargement of the cardiac area could be detected in twelve. 
This properly interpreted means that the mitral sphincter may not suffi¬ 
ciently contract, even though the dilatation is not sufficient to be detected 
by the usual methods of physical diagnosis. 

In view of the post-mortem findings, the mitral murmurs in this class 
of cases unquestionably represent regurgitation. In those cases where 
regurgitation occurs without the coexistence of dilatation the only in¬ 
telligible conception of the conditions present is that the mitral sphincter 
is so weakened by disease that it does not sufficiently contract against 
even a normal or subnormal arterial tension. 

In those cases where there is dilatation there does not seem to be any 
reason to suppose that the etiological principle is not physiological 
rather than pathological, or that it differs in any way from that which 
has been experimentally demonstrated to obtain in healthy animals. 
The work to be done by the heart is relatively increased—that is to 
say, the work remains the same, but the power is diminished ; hence 
the heart is called upon for increased effort, and physiological dilata¬ 
tion results. This dilatation again increases the difficulty of the auriculo- 
ventricular sphincter. 1 Thus it is that the muscular inefficiency of the 
heart calls into play the physiological law of increased work. In other 
systemic conditions, like arterio-sclerosis, as I have said, there is no 
weakness of the cardiac sphincter, but an excessive increase of the 
work to be done (increased arterial tension). 

V. Pathological Conditions of the Heart in which Physio¬ 
logical Dilatation and the Mitral Sphincters are 
Factors in Determining Disturbances 
of the Organ. 

Space will not allow me to do more than allude to some of the pertur¬ 
bations which complicate the phenomena of cardiac disease and which 
are occasioned by these physiological factors. 

If these factors, dilatation and sphincter action, are physiological 
laws, they must be universal in their action, and affect diseased as well 
as normal hearts. And hence it well may be that, looked at from this 
point of view, some of the commonly observed manifestations of heart 
disease may really be physiological in principle, exaggerated perhaps 
by the fact of the organ being incapacitated. 

From the point of view of practical therapeutics this distinction at 
once becomes important. The conditions of “ overstrain ” of the heart, 
with relatively persistent dilatation and mitral incompetency, “ fatigued 
heart,” “ curable mitral regurgitation ” and acute dilatation, I need not 

1 In extreme cases, when the dilatation is excessive, the mitral incompetency may he caused 
or increased by the bulging of the walls, which, carrying away the chordae tendinae, prevents 
the valve flaps from coming into apposition. In most cases the dilatation is too slight for this. 
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more than allude to, as they have already been discussed. They are 
substantially one and the same condition, originating in and growing 
out of physiological dilatation from increased work. It may be that 
the difference between the physiological and the pathological is only one 
of degree. The tremendous strain sometimes put upon the heart neces¬ 
sarily induces a dilatation. To this “ fatigue,” as yet an incompletely 
kuown condition, becomes added and the dilatation becomes persistent. 

The mitral sphincter necessarily shares in the inefficiency. When 
we bear in mind that by simply increasing the work the volume of the 
healthy heart may be so increased that its size at the end of systole 
may even be greater than it was before at the end of the diastole, and 
that the volume of blood thrown out may be quadrupled, we can ap¬ 
preciate the dilatation that may be affected by the enormous exertion 
to which the heart is sometimes subjected, and yet be physiological. 
Add to this “ fatigue ” and loss of muscular tone and the effect of the 
law is apparent. It was ouly lately that I was called to pass upon the 
condition of a man who had undergone great muscular exertion and 
had fallen down unconscious. On recovery he had developed persistent 
symptoms of cardiac disease, with dilatation (dizziness, pain, palpita¬ 
tion, cyanosis on exertion, etc.). He had been examined by several 
competent physicians, all of whom, I am told by the attending physi¬ 
cian/diagnosed the case as “myocarditis.” The subsequent history- 
bears out the opinion that it was one simply of physiological dilatation 
and overstrain. 

In fatty degeneration and other degenerative diseases of the heart 
the weakening of the myocardium tends to weaken the sphincter and 
make the heart dilatable under very slight exertion. 

In valvular disease, especially in aortic stenosis, the increased work 
which the heart is called upon to perform tends to increase the normal 
dilatations which occur from time to time and to make less complete 
the action of the sphincters. In this way it seems to me are to be ex¬ 
plained many of the acute dilatations and temporary mitral regurgita¬ 
tions which occur in the course of aortic disease. The increase of 
power coming from hypertrophy has the tendency to keep the dilata¬ 
tion within physiological limits, but sooner or later this compensation 
becomes inefficient. 

The further application of these principles is readily made, and need 
not be further discussed. 

All the observations to which I have referred in Sections I. and II. 
are particularly instructive as pointing to the very large variation that 
may take place in the size of the heart of the human being under actual 
conditions of life, and be within physiological limits. They render 
comprehensible that within physiological limits the mitral valve may 
fail to do its share in the closure of the mitral orifice. They contribute 
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to what might be regarded as the modern conception of the heart’s 
workings and of a certain class of cases of mitral insufficiency which 
formerly were regarded as purely pathological, but now are recognized 
to be due to muscular weakness, and curable. The experiments on 
animals enable us to understand the modus operandi of the Nauheim 
treatment, for it has been experimentally shown that excitation of the 
peripheral nerves may reflexly stimulate the augmentor nerves of the 
heart, and through them increase the force of the contractions and the 
completeness of the systole, and diminish the quantity of residual blood 
— i. e., diminish the size of the heart. 1 

A distinct recognition of physiological dilatation and physiological 
incompetency of the valves, apart from the pathological varieties, is of 
the utmost clinical importance aside from the advantages of precision 
of thought and precision of knowledge. 

I feel quite certain that a clear understanding of these principles 
will help us enormously to a true conception of cardiac phenomena, 
whether accompanying organic disease or not. In any given case our 
first question should be: Are the conditions (murmurs, dilatations, 
irregularity) in part or wholly physiological, and, therefore, in part or 
wholly, temporary or permanent, curable or incurable ? Upon the 
answer will largely depend both the immediate treatment and the rules 
for prophylaxis. 
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